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(57) When a digitar signal destination is caused to 
receive a fixed digital signal sent out of a digrtai signal 
send^, the digital signal destination acquires at the 
request of the destination from the digital signal sender 
data on modes in which the digital signal sender is able 
to send out the digital signal, and a transmission mode 
of the digital signal is caused to be set by a command 
based on the acquired mode data from the digital signal 
destination. Moreover, when a digital signal destination 
is caused to receive a fixed digital signal sent out of a 
digital signal sender, a flag is added to the digital signal 
sent out of the digital signal sender, which Indicates that 
the transmission rate is being adjusted based on the 
command from the digital signal destination. 

Thus digital signal transmission between specific 
equipments connected with each other by the transmis- 
sion line of a fixed standard can be performed securely 
and satisfactorily. 
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besciiption 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a digital sig- 
nal transmission method, a digital signal transmission 
system, transmitting apparatus, a reoorcfing medium for 
recording a program applied to this transmission system 
and a computer program product. An illustrative emlxxJ- 
iment of the invention is preferaljly appOcaWe to a case 
where audio data is transmitted, for example, according 
to IEEE (The Institute of Electronics Engineers, Inc.) 
1394. 

Descr^>tion of the Related Art 

[0002] An audio equipment as related art has been 
proposed, in which an audio signal is transmitted in the 
digital form so that the deterioration of sound quality can 
effectively be avoided. 

[0003] Specifically, for example, when an audio sig- 
nal reproduced by the compact disk player is recorded 
by means of a minidisk device in this sort of audio 
equipment the compact disk player modulates the 
reproduced digital audio signal according to a clock sig- 
nal of these digital audio signal for outputting. In con- 
trast, the minidisk device on the receiving skle employs 
the PLL circuit to reproduce a clock signal from the 
transmitted digital signal and then reproduces the trans- 
mitted digital signal wnth reference to the dock signal. In 
this way, it is arranged that this sort of audio equipment 
processes the digital audio signal transmitted in syn- 
chronism with a clock signal on the transmitting side, for 
example, to perform processing of recording and so on. 
[0004] Incidentally, when the digital audio signal is 
transmitted in this manner, the receiving side will oper- 
ate synchronously with the ckx* signal of transmitted 
digital audio signal. In this case, for example, the bus 
line of IEEE 1394 system is employed to connect a plu- 
r€dity of audio equipments and, for example, the digital 
audio signal reproduced from the disk, etc. of a single 
audio reproducing equipment is sent out to the bus line. 
That digital audio signal is received and recorded by a 
recording equipment connected to the bus line. 
[0005] When such processing to record the digital 
audio signal is considered. It is necessary in the past 
tfiat the reproducing equipment is perfectly synchro- 
nous with the recording equipment. It is undesirable that 
tfie transmitted digital signal contains jitters, whereas 
the complete elimination of the jitters is difficult 
[0006] Moreover, it is considered that, in order to 
synchronize the reproducing operation of reproducing 
equipment vA\h the recording operation of recording 
equipm^. control data regarding the reproducing 
openErtion. etc. is transmitted over the bus line to syn- 
chronize the two equipments. For example, the bus line 



of IEEE 1394 system is able to connect two or nrx>re 
equipments with one another. However, if the r^roduc- 
ing unit should receive, e.g. control data frcwm another 
equipment during the recording operaliai to stop the 
5 reproduction, the recording would be interrupted to 
result in failure. 

[0007] Illustrative embodiments of the invention 
desait>ed herein seek to provide that digital signal 
transmission between q3ecif ic equipments is carried out 
10 securely and satisfactorily. 

SUMMARY OF THE INVENTION 

[P008] Aspects of the invention are specified in the 

IS claims, to wfiich attention is invited. Feattres of the 
inventkxi may be combined in combinatfons other than 
those explicitly se^ out in the claims. 
[0009] An emk>odiment of the present invention is 
arranged so that when a digital signal destination is 

20 caused to receive a predetermined digital signal sent 
out of a digital signal sender, the digital signal destina- 
tion may acquire from the digital signal sender, at the 
request of that destination, data on modes in whk:h tfie 
digital signal sender is able to send out the digital signal. 

25 and a transmission mode of the digital signal may t^ 
caused to be set by a command based on the acquired 
mode data from the digital signal destinatioi. 
[0010] By doing in this way, the digital signal trans- 
mission from the digital signal sender to the digital sig- 

30 nai destination ts carried out in the nrxxje selected 
among previously examined nxxJes, thus enabling the 
digital signal transmission to be securely performed h 
the determined mode. 

[0011] An embodiment of the present inventfon is 
35 arranged so that when a digital signal destination is 
caused to receive a predeterrruned digital signal sent 
out of a digital signal sender, a flag is added to the dig- 
ital signal sent out of the digital signal sender, which 
indicates that a transmission rate is K>eing adjusted 
40 based on a command from the digital signal destination. 
[0012] By doing in this manner, the destination is 
able to check the transmitted flag, so that the process- 
ing to eliminate the jitters by the fine acQustment of the 
transnvssfon rate and the like wiQ be allowed. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a better understanding of the present 
invention, reference will now be made t>y way of exam- 
50 pie to the accompanyir^ drawings in whkdi: 



Rgure 1 is a block diagram showing an example of 
the entire structure of audio system according to a 
mode for carrying out the present invention: 
55 Figure 2 is a block diagram showing the details of 
an illustrative audio system according to an illustra- 
tive mode for carrying out the present invention; 
Figure 3 shows a cyclic structure of transrrussion 
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data of equipments connected by IEEE 1394 sys- 
tem; 

Figure 4 illustrates an address space structure of 

CSR architecture; 

Figure 5 illustrates a structure of PGR; s 

Figure 6(A) to 6(D) show structures of oMPR, 

oPCR. iMPR and iPCR. respectively: 

Figure 7 r^resents a relation between plugs, plug 

control registers and isochronous channels; 

Rgure 8 illustrates a relation between oontrol ootn- ip 

mand and its response; 

Figure 9 aiustrates the relation t>etween the com- 
mand and response of Figure 8 in more detail; 
Figure 1 0 illustrates an example of the packet struc- 
ture (an example of isochronous trsuisfer packet) is 
applied to an illustrative mode for carrying out the 
present invention; 

Figure 1 1 illustrates an example of the packet struc- 
ture (an example of asynchronous transfer packet) 
applied to an illustrative mode for carrying out the 20 
present invention; 

Rgure 12 illustrates an example of the control 
sequence of transmission processing (an example 
in which settings are made from the receiving side) 
applied to an Illustrative mode for carrying out the 2S 
present invention; 

Rgure 13 illustrates the kinds of commands applied 
to an illustrative mode for carrying out the present 
invention; 

Rgure 14 illustrates an example of the attributes 30 
command applied to an Illustrative mode for carry- 
ing out the present invention; 
Figure 15 illustrates an example of the attributes 
command in response applied to an illustrative 
mode for carrying out the present invention; 3S 
Figure 1 6 illustrates an example of data in response 
applied to an illustrative mode for canying out the 
present invention; 

Figure 1 7 illustrates an example of the setting com- 
mand applied to an illustrative mode for carrying out 40 
the present invention; 

Figure 18 Illustrates examples of transmission 
modes applied to an illustrative mode for carrying 
out the present invention; 

Rgure 1 9 illustrates an example of the setting com- 4s 
mand applied to an illustrative mode for carrying out 
the present invention; 

Figure 20 illustrates examples of the rate control 

data applied to an illustrative nrKXie for carrying out 

the present invention: so 

Figure 21 is a flow chart showing an example of the 

rate control according to an illustrative mode for 

carrying out the present invention; 

Rgure 22 illustrates example ol the transition 

between modes according to an illustrative mode ss 

for carrying out the pr^errt invention; 

Figure 23 illustrates an example of the control 

sequence of transmissfon processing (an example 



in which settings are made from the sending side) 
applied to another illustrative mode for carrying out 
the present invention ; 

Rgure 24 is a block diagram showing an example of 
the audio system (an example in which another 
control terminal exists) according to another illus- 
trative mode for carrying out the pr^ent trwention; 
Rgure 25 illustrates an example of the control 
sequence of transmission processing (an example 
in which settings are made from another control ter- 
minal) applied to another illustrative mode for carry- 
ing out the present invention; and 
Rgure 26 illustrates an example of the setting com- 
mand according to the example of Rgure 25. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMEIMTS 

[0014] An illustrative mode for carrying out an 
example of tiie present invention will be descrit>ed 
t>elow with reference to the accompanying drawings. 
(001 5] Figure 1 is a schematic t^tock diagram show- 
ing an illustrative audio system according to an illustra- 
tive mode for carrying out the present invention. The 
audio system 1 of this example transmits a cfigital audio 
signal reproduced by a compact disk playl^ack unit 2 to 
a disk recording/playback unit 3 using a magneto^ti- 
cal disk (or optical disk) called a minidisk, eto. and 
records tiiat signal by this disk recording/playback unit 
3. Otiien^ise. tiie digital audio signal reproduced by the 
compact disk playback unit 2 is transmitted to an anpli- 
fying unit 30 for causing right and left speaker units 31 , 
32 connected to tiiis amplifying unit 30 to output the 
audio signal as a sound. In this case, bus lines B1, B2 
defined by the IEEE 1394 interface system connect the 
compact disk playback unit 2, tiie disk recording/jF>lay- 
back unit 3 and the anplifying unit 30 with one anottier. 
Additionally, in the case of IEEE 1934 interface system, 
tiie connection may be made in any order. Figure 1 
shows only one example of them. Also, it may be possi- 
ble to connect them to another audio equipment and the 
like not shown by another bus line B3. 
[0016] Figure 2 is a block diagram showing sti'uc- 
tures of tiie compact disk playback unit 2 and the disk 
recording^layt>ack unit 3 of the audio system according 
to the present emlxxiiment. In tiie compact disk play- 
back unit 2. a digital signal processor ( DSP ) 5 drives to 
rotate an optical disk 7 being a digital audfo disk under 
the control of a host computer 6 by means of a rotation 
drive mechardsm not sfiown and reproduces the cHgitai 
audio signal DA recorded on this <^cal disk 7 for out- 
putting. On tills occasion, the digital signal processor 5 
produces a dock signal WCK by a built-tn quartz oscil- 
lator circuit 8. reproduces the digital audio signal DA in 
synchronism witii this clock signal WCK and also out- 
puts the reproduced digital audio signal DA to an audio 
link block 9. In this case, the digital signal processor 5 
plays back the compact disk 7 at a playtsack speed 
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instructed by the host computer 6 to output the digital 
audio signal DA. Additionally, in the case of this exam- 
ple, it is arranged that the playback speed can be set for. 
other than one-fold speed ( i.e. normal playt>ack speed 
). two-fotd speed, four fold speed, eight-fold speed and 
sixteen-fotd speed. 

[001 71 Also, it is arranged that, after any of the play- 
back speeds has been set. the reproduction rate can 
further be adjusted accurately by plus or minus several 
percent ( e.g. ±1 percent or so ). 
[0018] The audio link block 9 makes the digital 
audio signal DA into the Ibmn of packets under the con- 
trol of host computer 6 and controls an input-output dr- 
cuft 10 to send out these packets to the disk 
recording4»layt>ack unit 3. Also, the audio link block 9 
acquires the packets input through the input-output cir- 
cuit 10 and sends out the contents off these pad^ to 
the host computer 6 as need arises. 
[0019] The input-output circuit 10 parallel-serial 
converts output data of the audio link block 9 and after 
adding a predetermined data, t>ipha&e mark modulates 
for outputttng to the txjs line B1. In this way, the input- 
output circuit 10 superposes the ck>ck signal WCK 
required for reproducing the packets on those packets 
input from the audio link bk^ck 9 for sending out to the 
bus line B1 . Also, the irqsut-output circuit 10 watches the 
packets transmitted over the bus line 61 to acquire the 
packets specifying the compact disk playt^ck unit 2. 
The input-output circuit 10 then decodes these acquired 
packets and processes to serial-parallel convert for out- 
putting to the audio link block 9. 
[0020] The compact disk playback unit 2 is herein 
connected to the disk recording/playt^ack unit 3 by the 
bus line B1 defined by the IEEE 1394 Int^ce system. 
Thus, the audio link block 9 and the input-output circuit 
10 make the digital audio signal DA into the packets 
according to the fbrmat defined by the IEEE 1394 and 
also notify data transmitted in the form of packets to the 
host computer 6. Spedf ically. the digital audio signal DA 
is transmitted as the isochronous transfer packet 
defined by the IEEE 1394 interface ensuring its real- 
time nature, as where the other data such as various 
kinds of control commands are transmitted as asyn- 
chronous transfer packet in asynctvonous manner as 
occasion demands. The asynchronous transfer packet 
is a packet used for one-to-one corresporKlence. in 
which addresses of the data sender and its destination 
are indicated. 

[0021] In this context, the IEEE 1 394 system will be 
descnt>ed. Figure 3 shows a cyclic structure in data 
transmission by equipnents connected in accordance 
with the IEEE 1394. In the IEEE 1394. data are divided 
into packets and transmitted by timesharing in a cyde of 
1 25 MS length. This cyde is created by a cycle start sig- 
nal supplied from an electrons equipment having a 
cyde-master function. The isochronous packet ensures 
necessary band (This is a time unit txit called a t>and.) 
for transmission from the start of every cyde. Thus, the 



isochronous transmission guarantees a data transmis- 
sion within a fixed time. However, if transmission error 
occurs, data will be lost because of no protection mech- 
anism. 

5 [0022] During a time which is not used for the iso- 
chronous transmission in each cycle the electronrc 
equipment wfiich ensures a bus as a result of eubttration 
sends out the asynchronous pad^ The asynchronous 
transmisskMi ensures a secure transn^ssion by using 

10 acknowledge and retry, but the transmissk>n timing will 
be uncertain. 

[0023] In order that predetermined electronic equip- 
ments may perform the isochronous transmission, the 
electron^ equipments must correspond to an iso- 

15 chronous function. I^eover. at least one of Vhe elec- 
tronic equipments must have the cyde-master functk>n. 
Furthermore, at least one of the electronic equipments 
connected to the IEEE 1394 serial bus must have an 
isochronous-resource-manager function. 

20 [0024] The IEEE 1394 is based upon CSR(Control 
& Status Register) architecture having an address 
space of sixty-four bfts defined by ISO/IEC 13213. Rg- 
ure 4 iDt^trates a structure of the address space in 
accordance with the CSR architecture. High order six- 

25 teen fcxts form a node ID indicating each electrons: 
equipment on the IEEE 13 94. Remaining forty-eight 
bits are used for specifying the address space given 
each ele<**onic equipment These high order sixteen 
bits are further divkled into ten bits of bus ID and six bits 

30 of physical ID (node ID in a narrow sense). They can 
specify a thousand and twenty-three buses and sixty- 
three electronic equipments because a value in which, 
all bits become one is used for a spedal purpose. 
[0025] A space defined by high order twenty bits of 

35 the address space of two hundreds and fifty-six tera- 
bytes defined by low order forty-eight bits are divided 
into an Initial Register Space used for a register of two 
tfiousand and forty-eight bytes unique to CSR, a regis- 
ter unkjue to the IEEE 1394 and the like. Private Space 

40 and Initial Memory Space. A space defined by low order 
twenty-eight bits is. if a space defined by its high order 
twenty b^ is initial Register Space, used as Configura- 
tion Read Only Memory, an initial Unit Space used for 
spedal purpose unique to an electronic equipment. 

45 Plug Control Register (PCRs) and tiie lika 

[0026] While each electronic equipment has the 
CSR shown in Figure 4, as concerns a t>andwidth avail- 
able register, only those contained t^y the isochronous 
resource manager are valid. In other words, the band- 
so wKfth available register is substantially included in only 
the isochronous resource manager. 
[0027] When a t>andwtdth is not allocated in the iso- 
chronous communication, the maximum value is pre- 
served in the bandwkfth available register, and 

55 whenever a bandwktth is allocated, its value deaeases. 
[0028] Each bit of channels available register 
between offset 224h and 228h corresportds to cfiannel 
na zero to 63, respectively. If the bit is equal to zero, it 
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is indicated that channel has already been allocated. 
Only the channels available register of an electronic 
equipment operating as the isochronous resource man- 
ager is valid 

[0029] In order to control input and output of each s 
equipment through an interface, an electronic equip- 
ment has PGR (Plug Control Register) defined by lEC 
61883 in addresses 900 h to 9FFh within initial Unit 
Space shown in Figure 4. This is such that a corx:ept of 
plug is substantiated so as to form signal paths logically io 
similar to an analog interface Figure 5 illustrates the 
structure of PGR. the PGR has oPCR (output Plug Con- 
trol Register) representing an output plug and IPCR 
(irput Plug Control Reg'ster) representing an input plug. 
Moreover, the PGR has oMPR (output Master Plug is 
Register) and iMPR Onput Master Plug Register) indica- 
tive of information on output plug or input plug unique to 
each equipment. Each equipment does not have a plu- 
rality of oMPR and iMPR. but is aWe to have a plurality 
of oPCR and iPCR corresponding to each individual 20 
plug. The PGR shown in Figure 5 has thirty-one oPCR 
and iPGR, respectively. A flow of isochronous data is 
controlled by operating the regist^ corresponding to 
these plugs. 

[0030] Figure 6 (A) to (D) show structures of oMP R. 2S 
oPCR. iMPR and iPGR: Rgure 6 (A) shows the struc- 
ture of oMPR; Rgure 6(B) shows the structure of oPGR; 
Figure 6(C) shows the structure of iMPR; Rgure 6(D) 
shows the structure of iPCR. respectively. An area of 
data rate capability of two bits on the side of MSB of 30 
oMPR and iMPR stores a code indicating the maximum 
transmission speed of isochronous data which can be 
transmitted or received by that equipment. An area of 
broadcast channel base of oMPR prescribes the chein- 
nel number used for broadcast output ss 
[0031 ] An area of number of output plugs of five bits 
on the side of LSB of oMPR stores a value indicating the 
number of output plugs owned by the relevant equip- 
ment, namely, the number of oPCR. An area of number 
of input plugs of five bits on the side of LSB of iMPR 40 
stores a value indicating the number of input plugs 
owned by the relevant equipment, namely, the number 
of iPCR. Areas of non-persistent extension field and 
persistent extension field are those defined for future 
extension. 4S 
[0032] Each area of on-line of MSB in oPCR and 
iPCR shows a state of use of the plug. In other words, 
its value of one shows that the plug is on-line arxl its 
value of zero shows tfnat the plug is off-line. A value of 
each broadcast connection counter of oPGR and iPCR so 
irxiicated whether the broadcast connection is present 
(1) or not (0). A value of each point-to-point connection 
counter being six bits wide of oPCR and iPCR indicates 
the number of point-toix>int connection owned by the 
relevant plug. A value of each channel number six bits ss 
wide of oPCR and iPCR indicates the isochronous 
channel number to which the relevant plug Is con- 
nected. A value of data rate two bits wide of oPCR indi- 



cates an actual transmission ^eed of isochronous data 
packet output by the relevant plug. A code stored in an 
area of overhead ID four bits wide of oPCR represents 
a t>andwidth of overhead of isochronous communica- 
tion. A value of payload ten bits wide of oPCR repre- 
sents tiie maximum value of data contained in 
isochronous packet, in whk:h the relevant plug can han- 
dle. 

[0033] Figure 7 shows a relation between the plug, 
the plug control register and the isochronous channel. 
AV-devices 50 to 52 are connected to each other by 
means of tiie IEEE 1394 serial txis. The isochronous 
data whose channel is ^ecified t>y oPCR [1]. of oPCR 
[0] to oPCR \2] whose transmission speed arxj number 
of oPCRs by oMPR of AV-device 52 are defined, is sent 
out to channel no. 1 of the IEEE 1394 serial bus. AV- 
device 50 reads and stores the isochronous data sent 
out to the channel no. 1 of the IEEE 1394 serial bus. 
Likewise. AV-des^ice 51 serxis out isochronous data to 
channel no. 2 specified by oPCR [0]. and AV-device 50 
reads the isochronous data from the channel no. 2 
specified by iPGR [1] and stores it. 
[0034] Next. AV/C command set employed in the 
audio system shown in Figure 1 will be described with 
reference to Figure 8 to Figure 9. 
[0035] Figure 8 illustrates the control command and 
the response transmitted asynchronously As shown in 
Rgure 8. the controlling side is indicated as controller 
and the controlled side is indicated as target Transmis- 
sion or its response of the control command is per- 
formed t>etween elecbnonic equipments using Write 
Transaction of asynchronous transmission in IEEE 
1394. The target which receives data returns acknowl- 
edgement (ACK) to the controller for confirming tiie 
reception. 

[OOsis] Rgure 9 illustrates in more detail the relation 
k>etween the control command and the response shown 
in Figure 8. An elecb'onic equipment A is connected with 
an electronic equipment B through the IEEE 1394 bus. 
The electronic equipment A is the controller and tiie 
electronic equipment B is tfie target. The dectronic 
equipment A and the electronic equipment B both have 
a command register and a response register each of 
which has 51 2 bytes, respectively. As shown in Figure 9, 
the controller communicates the command by writing a 
command message into the command register 123 of 
the target. Inversely, the target communicates the 
response by writing a response message into the 
response register 122 of the controller. The control 
Information is thus exchanged by the two messages 
made a pair. 

[0037] Figure 1 0 is a diagram showing a part of the 
isochronous transfer packet used for the aforesaid Iso- 
chronous transfer. A header is assigned to this packet, 
which occupies 32 x 2 bits from front and includes syn- 
chronizing pattern sy. packet code tcode. channel, tag, 
data length and error correction code CRC. To the sub- 
sequent 32 bits are assigned count value of successive 
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packets DBC when data of a fixed size are divided to be 
assigned to each packet. Reserve RSV, Marker SPH 
indicating whether there is a source packet header or 
not Divisional number of source packet FN, Data btock 
size DBS. Identification code of its own SID and so on. 
To the further subsequent 32 bits are assigned Record- 
ing area SYT such as a time stamp. Sampling fre- 
quency PDF of transmitted data. Transmission format 
FMT and so on. To thei still further subsequent area is 
assigned the transmitted data made of source data with 
32 bits as a unit and their error correction code CRC is 
added to its end. 

[0038] Additionally; in the present example, one bit 
at a spedfto position In the area of Sampling frequency 
FDF made of aght bits ( one bit at a position surrounded 
t3y a broken line in Figure 10 ) is used for addng a flag 
PC indicating that the transmission rate of audio signal 
is beofig controlled. If this flag PC is *1* signal, it indi- 
cates that a mode in which the transmission rate is con- 
trolled is entered. If the flag PC is "0" signal, it indicates 
that a mode in which the transmi&sk>n rate is not con- 
trolled is entered. Further, in the following description, a 
mode in which the transmission rate is controlled will be 
referred to a flow control mode. 

[0039] The audio link block 9 adds the digital auc£o 
signal DA to this isochronous transfer packet by a fixed 
unit and sends it out through the irqxit-output circuit 1 0. 
[0040] Figure 1 1 is a diagram showing the asyn- 
chronous transfer packet being the packet for asynchro- 
nous communication by one-to-one of the aforesaid 
control command and the like. The input-output circuit 
10 sets the address, etc. indk^ating its own node and 
bus number or the like on the packet for sending it out 
Specifically, to 32 bits from the front of the packet are 
assigned Priority level of this packet (priority ), Code of 
this packet ( Code t ). Retry code of this packet (rt). 
Label assigned to this packet ( Label t ). Transmission 
speed (spd) and Identification data indicating the rela- 
tion with successive packets ( Imm). Moreover, data 
specifying an address of destination node ( destination 
Offset High, destination Offset Low ) and data indicating 
the destination node and bus ( desfinatfon ID) are 
assigned. Sut^sequerrUy, Data length of the transmis- 
sion data ( data L^gth). etc. are further assigned and 
then the transmission data is assigned with 32 bits as a 
unit. 

[0041 ] The audio link bkx^k 9 receives the packet for 
one-to-one communication received by the input-output 
circuit 1 0 and notifies the data assigned to this packet to 
the host corrputer 6. In this way, various kinds of control 
commands transmitted from the disk recoiding4>lay- 
back unit 3 to the compact disk piayfc>ack unit 2 are noti- 
fied to the hiost conputer 6. 

[0042] The host computer 6 is comprised of a com- 
puter which controls the overall operation of compact 
disk playback unit 2, and controls the operation of cGg'ital 
signal processor 5 in response to an operation of oper- 
ating elements arranged on an operating panel of the 



compact disk playt^ack unit 2 to play back the optical 
disk 7. 

[0043] In the playback of optical disk 7. when the 
reproduced digital audio signal DA is tnansmitted to the 

5 disk recording/playback unit 3. the host computer 6 
receives the control command sent out of the disk 
recordingyplayt>ack unit 3 through the audio link blod^ 9 
and controls the playtiack operatkxi of compact disk 7 tn 
accordance with the control command. In other words. 

10 when the host computer 6 receives the control com- 
mand to finely adjust a reproduction rate from the disk 
recordingy0layt>ack unit 3. it instructs the digital signal 
processor 5 so as to turn the playt>ack conditions of 
compact disk 7 into the con-espondlng oonditk)ns. Also, 

15 when the host computer 6 receives from the disk 
recording^layixick unit 3 the control command to 
switch the playt>ack speed, it in^ructs the digital signal 
processor 5 to switch the playt^ack speed in accordance 
with this command. In this manner, it is arranged that 

20 the compact disk playt>ack unit 2 sends out the digital 
audio signal DA in the form of a variable amount of data 
per unit time under the control of disk recording/play- 
back unit 3. 

[(K)44] An input-output circuit 1 1 in the disk record- 

25 ing^layback unit 3 watches packets transmitted over 
the bus lines B1 . B2. in the same way as the input-out- 
put circuit 10 in the compact disk playt>ack unit 2 and 
acquires the packet necessary for the disk record- 
ing/kDlayback unit 3. The input-output circuit 11 further 

30 reproduces the acquired packet and notifies it to an 
audio link block 12. On this occasion, the input-output 
circuit 1 1 detects data transmitted from the bus lines B1 . 
82 Synchronously with a predetermined clock signal to 
reproduce each data within the transmitted packet 

35 [0045] In this case, when receiving the isochronous 
transfer packet which transmits the audio data, if the 
reception is made in the transmissfon mode which Is not 
the aforesaid flow control vno6e, the processing to 
reproduce is made in synchronism with the transrrtitted 

40 audio data with reference to the time stamp arranged in 
the recording area SYT. However, in the case of flow 
control mode, the reproduction is made without refer- 
ence to the time stamp arranged in the recording area 
SYT In other words, the detection is made synchro- 

45 nously with the clock signal produced by a clock gener- 
ator circuit within the disk recording/jplayback unit 3 to 
reproduce the transmitted packet. However, even in the 
case of flow control nnode, if the synchronous process- 
ing can be rr»de with reference to the time stamp, the 

50 reproduction using the time stamp may be carried out. 
[0046] An audio link biock 12 acqures a packet 
from the input-output circuit 11 and stores the digital 
audio signal DA assigned to this packet in the recording 
area of digital audio signal DA arranged in a memory 

55 1 3. Also, the audio link block 1 2 outputs the digital audio 
signal DA retained in the memory 13 to a digital signal 
processor 14 or a digital-to-analog converter (D/A) 16 
and stops the readout of digital audio signal DA from the 
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memory 13 under the control of a host computer 15. 
[0047] In a sequence of these processings, the 
audio link block 12 records the digital audio signal DA in 
the memory 13 with reference to the dock signal WCK 
superposed on input data, synchronized with the dock s 
signal WCK of the compact disk playback unit 2, and 
then reads it out based on a clock signal RCK output 
from the digital signal processor 14 for ou^utting. 
[0048] A recording block 18 is composed of a driv- 
ing mechanism for driving to rotate the disk and a io 
recording/reproducing system such as the optical 
pickup, and forms a mark sequentially on the magneto- 
optical disk depending on recording signals output from 
the digital signal processor 14. 

[0049] The digital signal processor 14 controls the is 
operation of recorcfing t>lock 18 and also produces the 
recording signal depending on the digital audk> signal 
DA output from the audio link block 12 for outputting. In 
the dsk recording^layback unit 3, the digital audio sig- 
nal DA is recorded on the disk by means of the cfigital 20 
signal processor 14 and the recording block 18. 
[0050] On this occasion, the digital signal processor 
14 produces the clock signal RCK by a built-in quartz 
osdilator 19. which is asychronous with the clock signal 
WCK of the compact disk playtsack unit 2 and besides of 25 
high accuracy, and processes the digital audk) signal 
DA output from the audio link bk>ck 12 with reference to 
the dock signal RCK. It also outputs this dock signal 
RCK to the recording block 18, the digital-to-analog 
converter 16 and the audio link Uock 12. 30 
[0051 ] The digitai-to-analog converter 1 6 is what Is 
called a one bit digital-to-anabg converter which con- 
verts the digital audio signal DA to an analog signal 
according to PWM modulation method. It can also pro- 
duce an audio signal converted to the analog signal in 35 
order to drive a speaker 4 connected to the disk record- 
ing/payback unit. 

[0052] The host computer 15 is comprised of a 
computer which controls the overall operation of disk 
recording/playback unit 3, and controls the operation of 40 
digital signal processor 14, etc. in response to an oper- 
ation of operating elements arranged on an operating 
panel of the disk recording/playt>ack unit 3. ther^y 
causing the digital audio signal DA to be recorded on 
the disk or to be output from the speaker 4. 4s 
[0053] In this processing of digital audio signal DA, 
when processing the digital audio signal DA transmitted 
from the compad disk playback unit 2. the host compu- 
ter 15 produces the control command to the compad 
disk playt>adc unit 2 depending on an amount of data of so 
the digital audio agnal DA retained in the memory 13. It 
performs the fbw control processing using this com- 
mand, in which an amount of data of the digital audio 
signal DA per unit time sent out from the compad disk 
playback unit 2 is variably controlled in dependence on ss 
the amount of data of digital audio signal DA retained in 
the memory 13. The fbw control processing will be 
described below in detail. 



[0054] Next an example of transmission process- 
ing when transmitting the audio signal reproduced by 
the compad disk playt^ack unit 2 . to the disk record- 
ing4>layt)ack unit 3 for processing to record it on the disk 
(magneto-optical 6'tsk) in the disk recording/jplaytack 
unit 3 will be descrit^. In addition, to make the desaip- 
tion simple, the conpad disk playt>ack unit 2 is herein- 
after referred to merely as a piayt>ack unit 2 and the disk 
recording^layback unit 3 is referred to merely as a 
recording unit 3. Figure 12 shows a contrd sequence In 
this case. An example Is herein shown, in which the skle 
of recording unit 3 being a receiving side of the audio 
signal transmitted over the txjs fine contrds the trans- 
mission. Further, in the case of this example, two kinds 
of commands for processing to transmit are prepared, 
as shown in Figure 13, narriely, a trar^nrvssion setting 
commcuxl for setting transmission cond'rtbns (FLOW 
CONFIGURATION) and a transmtsskxi attributes com- 
mand for examining transmission attributes ( FLOW 
ATTRIBUTES ). The transmission setting commarKi 
indudes control data and status data. The transmission 
attributes command indudes only status data These 
commands are produced tjy the host computer, etc. of 
each unit and sent out in the form of packets whose for- 
mat is defined by the input-output section conneded to 
the bus line. These packets for transmitting the com- 
mands are all the packets in the asynchronous transfer 
nxxie. 

[0055] Describing below referring to Figure 12, the 
recording unit 3 transmits first the transmission 
attributes command S1 1 for examining the flow contrd 
mode to the playback unit 2. Figure 14 shows an exam- 
ple of data strudure of the transmission attributes com- 
mand in this case, in which are arranged a code of 
FLOW ATTRIBUTES indicating that it is the transmis- 
sion attributes command, a code of FLOW Mode Indi- 
cating that it examines the transmission mode and so 
on. 

[0056] When the playt>ack unit 2 rec^ves this com- 
mand 81 1, it transmits data on the reproduction mode 
which is possible with the playt^ack unit 2 to the record- 
ing unit 3 as the transmission attritxjtes command of 
response SI 2. Figure 15 shows an example of data 
structure of the transmission attributes command of 
response in this case, in which data of FLOW Mode 
attritxjtes [0] to [7] indicate wrh ether or not the respective 
modes previously prepared for a standard are sup- 
ported by the playt^ack unit 2. 

[0057] Figure 16 shows the details of modes pre- 
pared in the case of this example. For example, a mode 
indicated by the first bK is a lock»j normal mode at one- 
fold speed of playt>ack speed; a mode indicated biy the 
second bit is an unlocked flow control mode at one-fdd 
speed of playback speed: a mode indicated by the third 
bit is a locked flow control mode at one-fold speed of 
playback speed; a mode indicated by the fourth bit is a 
locked flow contrd mode at four-fold speed of playt>ack 
speed; a mode indicated by the fifth bit is a locked flow 
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control mode at eight-fold speed of playback speed; a 
mode indicated by the sixth bit is a locked flow control 
mode at sixteen-fold speed of playt>ack speed. For 
example, T signal in any of the respective bit positions 
indicates the supported nruxJe ( i.e. mode transmissltsle 
by the playt)ack unit 2 ) and "0" signal indicates non- 
supported mode ( i.e. mode not transmissible by the 
playtDacK unit 2). In acMition, although an unlocked 
mode at one-fbid speed of playback speed is also pre- 
pared as a normal nKXie not shown by these data, this 
mxie is the always supported mode and so it is not indi- 
cated in the command. 

[0058] Describing here the difference between 
kxted mode and unlocked mode, the kxtod mode is 
such that, when the nrxxle is set. that mode is locked. 
Unlocking of that mode is made possible only by an 
equipment specifying that mode. The unlocked mode is 
such that this sort of locking is not carried out. Thus, 
changing this mode is possible by any equipment. How- 
ever, in the case of tNs example, a limitation is inposed 
on changing the mode. Details of the iimttatton will be 
described below. 

[0059] Returning to the descrqsftion with Figure 12, 
because the recoiding unit 3 receives the attributes 
command of response, the side of recording unit 3 can 
estimate modes which can be sent out of the playt>ack 
ur^ 2. The recording unit 3 selects the mode of trans- 
mission to be performed among the estimated modes. 
This selection may be made, for example, by user's key 
operation at the recoiding unit 3 or by automatically set- 
ting a mode which enables the fastest and satisfactory 
recorcfing. 

[0060] Data of the selected mode is transmitted as 
the transmission setting command SI 3 from the record- 
ing unit 3 to the playt)^ unit 2. Figure 17 shows an 
example of this transmission setting command SI 3. 
TNs includes a code of transmission setting command ( 
FLOW CONFIGURATION) and a code of source ( 
Source ) bang data on the selected mode. Also, data on 
a flow mode are acMed. Examples of transmission 
modes Indicated by the source code are shown in Fig- 
ure 18. For exanrple. a code *X} 0" incScates an unkxtod 
mode at one-fold speed of playback speed; a code "0 1 " 
indicates a locked mode at one-fold speed of playtDack 
speed; a code "0 2" indicates an unlocked flow control 
mode at one-fold speed of playl>ack speed; a code "0 3" 
indicates a locked flow control mode at two-foki speed 
of playback speed; a code "0 4" indicates a locked flow 
control mode at four-fold speed of playback speed; a 
code "0 5" indicates a locked flow control mode at eight- 
fold speed of pl£^t)ack speed; a code *X) 6" indicates a 
locked flow control mode at sixteen-foM speed of play- 
t>ack speed. 

[0061] For data of the flow mode, as shown in Fig- 
ure 20 for example, a code "AA** indicates data specify- 
ing a standard rate; a code "BB" indicates data 
specifying a rate somewhat higher than the standard 
rate; a code "CC" indicates data specifying a rate some- 



what lower than the standard rate. Additk>naJly, in an ini- 
tial state, the standard rate is specified t>asically 
[0062] When the playback unit 2 receives the trans- 
mission setting command S13, it transnits to the 

5 recording unit 3 a response command SI 4 to that com- 
mand. The playback unit 2 then reproduces the audio 
signal from the optical disk 7 at a playt>ack speed con'e- 
sponding to the mode specified by tfiat command and 
transn^ the reproduced audio signal on the tso- 

10 chronous transfer packets to the recoiding unit 3. 

[0063] In this transmission, if a need to finely adjust 
the reproduction rate in the playback unit 2 arises, the 
recoiding unit 3 transmits a transmission setting com- 
mand S15 for rate control. When the playback unit 2 

IS receives this transmission setting command SI 5. it 
transmits to the recording unit 3 a response command 
S1 6 to that command and also ac^usts the reproduction 
rate finely to a state specified by that command. Figure 
19 shows an example of the transmission setting com- 

20 mand for the rate control, to which the codes for speci- 
fying rates shown in Rgure 20 are added for 
transmisskMi. 

[0064] In this context, a flow in which the rate con- 
trol takes place will be described. Figure 21 is a flow 

S5 chart showing the sequence in which the rate control 
takes place. When directed to start the r^xoduction, the 
host computer 1 5 of the recording unit 3 nnoves from a 
step SP1 to a step SP2 to produce a control command 
directing the playt>ack unit 2 through the audio fink block 

30 1 2 and the input-output circuit 1 1 to start the reproduc- 
tion and start sending-out of the digital audio signal DA. 
[0065] Thus, as shown subsequently at a step SP3. 
the host computer 6 of the playback unit 2 wNch has 
received this control command starts playing-back of 

35 the disk 7 and sends out at the follov^ng st^ SP4, tiie 
reproduced digital audio signal DA from the playback 
unit 2. 

[0066] The host computer 15 sets the operation of 
audio link bkxk 12, at tiie next step SP5, to store in tiie 

40 memory 13 the digital aixJio signal DA sent out of the 
playback unit 2 and then moves to a step SP6. Ttie host 
Gomputer 15 measures here whether or not a predeter- 
mined amount or more of the digital audk> signal DA has 
been stored in the memory 13 and if a negative result is 

45 given, it will rq>eat the step SP6. 

[0067] In tills connectbn, when the amount of data 
of digital audio signal DA occupies approximately half of 
an area of the memory 13 assigned for storing the dig- 
ital audio signal DA. the host computer 15 deckies at 

so this step SP6 that a predetermined or nrx>re value of the 
data amount has been stored and moves to a step SP7. 
[0068] At this step, the host computer 1 5 directs the 
audio link bkK:k 12 to start the readout of digital aud'io 
signal DA from the memory 13. In this way. the host 

55 computer 1 5 controls the overall operation so as to start 
the processing to read out the digital audio signal DA 
reproduced and transmitted by the playtiack unit 2 in 
accordance witii the more accurate dock signal RCK 
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asynchronous with the clock signal WCK of the play- 
back unit 2. 

[0069] On directing the start of operation in this 
manner, the host computer 15 moves to a step SP8 and 
measures whether or not the memory 13 is just before 
an overflow. In this regard, when a frequency of the 
clock signal RCK of disk recording/playback unit 3 is 
slightly lower than tfiat of the clock signal WCK of play- 
back unit 2, the data amount of digital audio signal DA 
read out of the memory 13 is less than that of digital 
audio signal DA sent out of the compact disk playback 
unit 2 and stored in the memory 13 accordingly Thus, 
the data amount of digital audio signal DA stored by 
degrees in the memory 13 v^'ll increase until the mem- 
ory 13 overftows, which nrakes it difficult to process the 
digital audio signal DA continuously. 
[0070] When a vacant storing space of the mentory 
13 becomes less than a data amount A1 corresponding 
to a delay time from when the compact disk playt^ack 
unit 2 is directed to stop reproducing and sending out 
the digital audio signal DA to when the sending out the 
digital audio signal DA is actually stopped, the host 
conputer 15 decides at this st^ SP8 that it is in the 
over conditions and moves to a step SP9 for transmit- 
ting the rate control command to make the rate slower to 
the side of playback unit 2. 

[0071] The host computer 15 moves subsequently 
to a step SP10 and measures whether or not the data 
amount of digital audio signal DA stored in the memory 
13 becomes less than the data amount whose readout 
was started at the step SP7 and if a negative result is 
given, it will repeat the step SP10. 
[0072] In this way, the host computer 15 waits until 
the data amount stored in the memory 13 t^ecomes 
under the given value and when it becomes under the 
given value, a positive result will be given at the step 
SP10. Thus, the conputer moves to a step SP11 for 
transmitting to the skje of playback unit 2 the rate con- 
trol command to return the rate to the standard. 
[0073] Again, if a negative result is given at the 
step[ SP8. the host computer 15 nwes to a step SP12 
and measures here whether or not the data amount 
stored in the memory 13 is just t>elbre the under condi- 
tions. 

[0074] In this connection, when the frequency of 
clock signal RCK of disk recording/playback unit 3 is 
slightly higher than that of clock signal WCK of the com- 
pact disk playback unit 2. the data amount of digital 
audio signal DA read out of the memory 1 3 is more than 
that of digital audio signal DA sent out of the compact 
disk playfc>ack unit 2 and stored in the memory 13 
accordingly Thus, the data amount of digital audio sig- 
nal DA stored by degrees in the memory 13 will 
decrease until the digital audio signal DA is interrupted, 
which makes it diffteult to process the digital audio sig- 
nal DA continuously. 

[0075] Therefore, if it decides to be just before the 
under oonditk>ns, it moves to a step SP 1 3 and transmits 



to the side of playt>ad« unit 2 the rate control command 
to make the rate faster. This prevents the digital audio 
signal DA from toeing interrupted. 
[0076] Moreove-, because the menxxy 13 stores a 

5 moderate amount of data of the digital audio signal DA. 
the host computer 15 will obtain the negative result at 
the step SP12 and return to the step SP8. 
[0077] Furthermore, in the case of this example, a 
limitation is imposed on the transition between respec- 

10 five modes shown in Figure 16 and Figure 18. Figure 22 
shows the limits in which the modes can vary. The 
unlocked nonmat mode of one-fold speed Ml being the 
normal mode can change into any mode. The locked 
normal mode of one-fold speed M2 can only return to 

IS the unlocked normal mode of one-fbki speed Ml. The 
unlocked flow control mode of one-fbki speed M3 can 
change into the unlocked normal mode of one-foM 
speed Ml. the locked normal mode of one-fold speed 
M2 and the locked flow control mode of two-fold or more 

so speed M4. The locked f tow control mode of two-fold or 
more speed M4 can only change into the unlocked nor- 
mal mode Ml. 

[0078] According to the akx>ve deserved structure, 
because the compact disk playback unit 2 sends out the 

25 digital audio signal in the form of variable amount of 
data per unit time under the control of the disk record- 
ing^laytsack unit 3 being the receiving side, it is possi- 
ble to process the digital audio signal continuously and 
avoid effectively the deterioration of sound quality due 

30 to the jitters. 

[0079] Moreover. becaLGe the disk recording^lay- 
back unit 3 processes to store the received digital audio 
signal in a buffer and controls to vary the data amount of 
digital audio signal per unit time, which is sent out of the 

35 compact disk playlDack unit 2 being an external equip- 
ment, depending on the data amount of digital audio 
signal retained in the buffer, it is possible to process tiie 
digital audio signal continuously and avoid effectively 
the deterioration of sound quality due to tiie jitters. 

40 [9080] Furthermore, by transmitting these digital 
audio signals in tiie form of packets, it is possible to 
transmit and receive the control command and the dig- 
ital audio signal t>y simple control for enabling these 
controls to be implemented. 

45 [0081] In addition, although tiie aforesaid embodi- 
ment is arranged to set the transmission mode under 
tiie control of the recording unit 3 being the receiving 
side. It may be ananged that the transmission mode is 
set under the control of the playback unit 2 being the 

so sending side. Figure 23 shows a control sequence in 
this case. Describing below its processings, the play- 
l5ack unit 2 transmits first the transmission attributes 
command 521 for examining the flow control mode to 
tiie recording unit 3. The recording unit 3 transmits tiie 

ss transmission attributes command 522 being a response 
to the above transmission to the playt>ack unit 2. When 
the playt>ack unit 2 receives this command, it transmits 
a command S23 for specifying the destination to the 
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recording unit . In response to this, the recording unit 3 
transmits the transmission attributes comn^nd S24 for 
specifying the mode. The playback unit 2 transmits a 
command S25 being a response to the transmission 
attributes command S24. Further, the recording unit 3 
transmits a command 526 being its response. 
[0082] In this transmission, when the playt>ack unit 
2 need adjust the reproduction rate finely, the recording 
unit 3 transmits to the playback unit 2 the transmission 
setting command S27 for the rate control. When the 
playt>ack unit 2 receives this transnrussbn setting conv 
mand S 27, it transmits to the recording unit 3 a 
r^ponse conrmand S28 to that command and also 
acQusts the reproduction rate precisely to such condi* 
tions as specified by th£rt command. 
[0083] By processing in this manner, h will also be 
possible to Implement the transmisskm under the con- 
trd of the side of playback unit. 
[0084] Moreover, any equipment other than the 
recording unit and the playback unit may be connected 
to the bus line so as to carry out the transmission under 
the control of that equipment. Figure 24 shows an 
example of the connection structure in this casa T\vq is 
such a case that the disk recording/playl>ack unit 3 is 
connected to a computer unit 20. e.g. by the bus line B2 
in order to control the transmissk>n under the control of 
the computer unit 20. The computer unit 20 comprises 
an input-output section 21 connected to the bus lines 62 
and B3 of the IEEE 1394 system. The input-output sec- 
tion 21 is connected to a d^ta link block 22 and further 
to a host computer section 23 through an internal bus 
line 25 within the computer unit. Also, a program stor- 
age 24 in which a program for p«1orming the transmis- 
sion contrd is recorded in a recording medium such as 
a semiconductor memory or a hard disK a magneto- 
optical disk, an optical disk. etc. is connected to the host 
computer section 23 through the Internal bus line 25. 
The progreim stored in the program storage 24 for per- 
forming the transmission control Is the program by 
which the processings descrS>ed with the afbresakJ 
embodiment are carried out 

[0085] When the transmission takes place under 
the control of the computer unit 20, it is performed, for 
example, in the control sequence shown In Figure 25. 
Specifically, the computer unit 20 transmits first the 
transmission attributes commands 831 and S32 for 
exanrHning the f k>w control mode to the playk^ck unit 2 
and the recording unit 3. The respective units 2 and 3 
transmit to the computer unit 20 the transmission 
attritxjtes commands S33 and 834 to which data on 
possible modes by the respective units are added. The 
transmissioi attributes commands S31 and S32 on this 
occasion are conposed, as shown in Figure 26 for 
exanple. so that it may be clear to be controlled under 
another ternvnai by adding ID of the computer unit 20. 
[0086] Next, the computer unit 20 transmits to the 
recording unit 3 a command S35 for directing the mode 
selected among those examined modes, and the 



recording unit 3 transmits that direction to the playt>ack 
unit 2 as a command S36. The playback unit 2 transmits 
a command S37 as a response thereto to the recording 
unit 3 which transmits further to the computer unit 20 a 

5 command 838 as a response thereto. On this transmis- 
sion, the aucfio signal begins to t>e transmitted from the 
playt)ack unit 2 to the recording unit 3. 
[0087] Thereafter, when the playt>ack unit 2 need 
adgust finely the reproduction rate, the recording unit 3 

10 transmits the transmission setting command S39 for 
rate control. Whm the playback unit 2 receives this 
transmission setting command S39, it transmits to the 
recording unit 3 a response command S40 to that com- 
mand and also acQusts finely the reproductkxi rate to 

IS such corxiitions as cGrected by that command. 

[0088] By processing in this manner, it is also pos- 
sible to perform the transmissk)n under the oontrol of 
the terminal unit other than the playtxick unit Addition- 
ally, although the terminal unit is herein the computer 

20 unit an exclusive control unit for directing the recording 
arvl reproduction may be employed. Alternatively, the 
other audk> equipment such as the amplifying unit 
shown in Figure 1 may also k>e employed as tfie control 
unit. 

25 [0089] Having described in the foregoing illustrative 
emt^iment a case where an emtxxliment the present 
inventk)n is applied to the illustrative audio system hi 
which the sending side and receiving skJe are the com- 
pact disk playt>ack unit and disk recordingA3layt>ack 

30 unit, respectively, the present invention is not limited 
thereto and widely applicable to cases where the receiv- 
ing side is made of an anpl'if ier and the like. 
[0090] Also, fiaving described in the foregoing illus- 
trative emtxx£ment a case where the audio signal is 

35 transmitted over the transmission line for the IEEE 1 394 
format, the present invention is not limited thereto and 
widely applicable to cases where the audio signal is 
transmitted between equipments with various formats. 
In other words, if the transmission format is such that 

40 the isochronous transfer packet and the async^onous 
transfer packet can be intermingled with each other like 
the IEEE 1394 format It can be applied intactiy. Moreo- 
ver, ft may be arranged that audio equipments on the 
reproducing side and recording side are connected with 

45 each other by means of a first transmission line and a 
second transmissk>n line, and the audto sigral is trans- 
nrvtted continuously over the first transmissk>n line, 
whereas the control data. etc. is transmitted over the 
second transmission line. In this case, the second trans- 

50 mission line may be a wireless transmission line over 
which an infrared signal is transmitted by wireless. 
[0091] Again, having described the foregoing Qlus- 
trative embodiment in which the digital audio signal is 
transmitted between equipments, the present invention 

55 is not limited thereto and widely applicatsle to cases 
where the successive digital signal such as video sig- 
nal, etc. is transmitted between equipments. 
[0092] According to the illustrative entxxjiment of 
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the present invention as descnbed above, the transmis- 
sion of digital signal from the digital signal sender to the 
digital signal destination can be performed in a more 
selected among the previously examined modes, thus 
allowing the digital signal to be transmitted securely in a 5 
predetermined mode. Therefore, for example, when the 
transmitted digital signal is recorded on some medium, 
it is possible to record in a prepared mode without fail. 
[0093] In this case, because the modes that are set 
up comprises a nnode in which sending out conditions of 
the digital signal from the digital signal sender is locked, 
it is ensured to record the digital signal transmitted 
under the modeHod^ conditions and the like without 
any malfunction. 

[0094] Furthermore, when comprising the locked 
mode, if the locked mode includes phiral kinds of modes 
in which the reproduction speed of digital signal sent out 
of the digital signal sender are different respectively, it 
will then be possible to transmit and receive the digital 
signal reproduced at a reproduction speed selected 
among plural prepared reproduction speed and bcked. 
[0095] Moreover, when setting the locked transmis- 
sion mode, by limiting those that can command to 
change from the locked transmission mode to the other 
transmission mode only to the digital signal destination 
which has caused to set the transmission mode, a mal- 
function due to the control from other equipment will be 
avoided. 

[0096] Also, when setting the locked transmission 
mode, by adjusting the transmission rate of digital signal 
sent out of the digital signed sender under the commard 
from the digital signal destination based on the receiv- 
ing coruJitions of digital signal, it is possible to eliminate 
the jitters in transmission. 

[0097] Furthermore, in the above described case, 
by issuing tiie command from tiie digital signal destina- 
tion on the basis of the command transmitted from 
another terminal to the digital signal destination, it is 
possible to transmit satisfactorily under the control off 
another terminal other than the sender and destination. 
[0098] Moreover, by issuing the command from the 
digital signal destination on the basis of the command 
transmitted from the digital signal sender to the cfigital 
signal destination, it is possible to make the mode set- 
ting, etc. under the control of digital signal destination 
also. 

[0099] In addition, because the illustrative digital 
signal transmission method according to the present 
invention adds the flag indk^ating that the transmission 
rate is being adjusted based on the command from dig- so 
ital signal destination to the digital signal sent out of the 
digital signal sender, it is possible for the destination to 
check tfie flag and make the processing to eliminate the 
jitters or the like by the fine acljustment of transnvssion 
rate. 55 
(01 00] In this case, when the flag is ra^ed. It is pos- 
sible to adjust the transmission rate satisfactorily by 
issuing at least three kinds of transmission rate com- 



mands of the standard transmission rate, the rate higher 
than the standard transmission rate and the rate lower 
than the standard transmission rate based on the 
receiving conditions In the digital signal destination. 
[0101] Having descnbed illustrative embodiments 
of the present invention with reference to the accompa- 
nying drawings, it is to be understood that the present 
invention Is not limited to the above-mentioned mitxxii- 
ments and that various changes and modifications can 
be effected therein by one skilled in the art witiiout 
departing from the spirit or scope of the present inven- 
tion. 

[01 02] In so far as the entodiments of the invention 
described above are implemented, at least in part, 
using software oorrtrolled signal processkig apparatus, 
it will t>e appreciated that a computer program providing 
such software control and a storage mecBum by which 
such a computer program is stored are envisaged as 
aspects of the present invention. 

Claims 

1. A digital signal transmission method for causing a 
second electronic equipment to receive a predeter- 
mined digital signal sent out of a first electronic 
equipment, oompr^'ng steps of 

an inquiry command sending step in which the 
inquiry command for inquiring about modes of 
said digital signal that sakl first electronic 
equipment can send out is sent out to sakj fast 
electronic equipment. 

a mode data sending step in which. In 
response to said inquiry command, mode data 
on the modes of sakj digital signal that saki first 
electronic equipment can send out is sent out. 
a nrxxie data acquiring step in which said mode 
data that is sent out is acquired, and 
a mode setting step in which, based on saki 
mode data that is acquired, saki digital signal of 
saki first electronic equipment Is set to the 
desired mode. 

2. The digital signal transntission method according to 
Claim 1, wherein 

sakJ modes include a locked mode in which 
conditions of saki digital signal sent out of saki 
first electronic equipment are locked. 

3. The digital signal transmission method according to 
Claim 2, wherein 

saki locked mode includes plural kinds of 
reproduction speed modes in which the 
respective r^roduction speeds of said digital 
signal sent out of sakl first electronic equip- 
ment are different 
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4. The digital signal transmission method according to 
Claim 2. wherein 

When said mode of said first electronic equip- 
ment is set to said locked mode, such as can s 
issue a command to change from said locked 
mode to another mode is limited only to the 
equipment which has caused to set the trans- 
mission mode. 

10 

5. The digital signal transmission method according to 
Qaim 3. further comprising 

a reproduction speed setting step In wfiich, 
when the mode of saki first electronic equip- is 
ment is set to sakl locked mode, a reproductkm 
speed mode off said (figital signal sent out of 
said first electrortic equipment is set. 

6. The digital signal transmission method according to so 
Claim 1. wherein 

a receiving step for receiving any command 
from other electronic equipment is provided, 
and 25 
said inquiry commsmd is sent out t>ased on 
said conmand received from said other elec- 
tronic equipment in sakJ inquiry command 
sending step. 

30 

7. The digital signal transmission method according to 
claim 6, wherein 

said other electronic equipment is said first 
electronic equpment ss 

8. A digital signal transmissbn method for causing a 
second dectronic equipment to receive a predeter- 
mined digital signal sent out of a fist electrons 
equ^ment comprising steps of: 4o 

a reccing step for receiving a command to set 
a mode of said first electronic equipment to a 
mode of out putting at a desired transmission . 
rate; 45 
a mode setting step for setting the mode of s£ud 
first electronic equipment to the mode of out- 
putting at the desired transmissfon rate teased 
on said command received; 
a digital signal sending step for sending out the so 
digital signal at sakJ desired transmission rate 
based on the mode set in said mode setting 
step; and 

a flag adding step for adding to said digital sig- 
nal sent out a flag which indicates that a trans- ss 
missfon rate is being acQusted. 



Claim 8, wherein 

in said mode setting step, any one of at least 
three kinds of the transmission rates of a stand- 
ard transmission rate which is normal, a high 
speed transmission rate which is higher in 
speed than the standard transmission rate and 
a tow speed transmission rate which is tower in 
speed than the standard transmissfon rate is 
set 

10. A digital signal transmission system in which a pre- 
determined digital signal sent out of a first elec- 
tronic equipment is received by a second electronto 
equipm^ connected thereto by rr>eans of a prede- 
termined transmissfon line which is capable of bkfi- 
recfional communication, wherein 

said first electronic equipment comprises: 

a mode setting means for setting a sending 
nrKxto of said digital signal; 
a mode controlling means for performing 
the control in accordance with the mode 
set t>y said mode setting means; arvJ 
a sender transmitting means for communi- 
cating with a partner connected by said 
transmission line, and 

safo second electronic equipment comprises: 

a transmissfon control means for control- 
ling the transmission of said digital signal; 
a destination transmitting means for com- 
municating with a partner connected by 
sakJ transmission line; 
sakJ destination transnfvtting means sends 
out an inquiry command for inqiiring about 
data concerning a mode of said first elec- 
tronto equipment at the request of sakJ 
transmission control means of sakJ second 
electronic equipment; 
said sender transmitting means sends out 
mode data concerning said mode of said 
first electronic equipment based on said 
inquiry command; 

said destination transmitting means sends 
out a mode setting commarxl for setting a 
mode selected by sawl transmission con- 
trol means of said second electronto equip- 
m&nX in accordance with said mode date 
transmitted; and 

sakJ mode setting means of said first elec- 
tronto equipment sets a mode for transmit- 
ting said digital signal based on said mode 
setting command. 



9. The digital signal transmission method according to 11. The digital signal transmission system according to 
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Claim 10, wherein: 

said transmission fine is such as enables iso- 
chronous transfer and asynchronous transfer; 
and 5 
said sender transmitting means and said desti- 
nation transmitting means transmit the respec- 
tive commands and mode data in the 
asynchronous transfer, and transmit said digital 
signal in the isochronous transfer. io 

12. The digital signal transmission system accoiding to 
Claim 10, wtierein 

the modes set by said mode setting means is 
include a locked mode in which corxiitions of 
said digital signal sent out of said first elec- 
tronic equq^ment are locked. 

1 3. The digital signal transmission system accoiding to 20 
Claim 12, wherein 

said locked mode includes plural kirxis of 
reproduction speed modes in which reproduc- 
tion speeds of said digital signal sent out of 25 
said first electronic equipment are different 
respectively. 

14. The digital signal transmission system according to 
Claim 12, wherein 30 

when said mode of said first electronic equip- 
ment is set to said locked mode, such as can 
change from the locked transmission mode to 
other transmission which has sent out the 
mode setting command. 

15. The digital signal transmission system according to 
Claim 12, wherein: 

40 

at the request of said traremission control 
means of said second electronic equipment, 
when said digital signal of said first electronic 
equipment is set to said kicked mode, saki des- 
tination transmitting means outputs a transmis- 4s 
sion rate setting command for setting the 
transmission rate of the digital signal sent out 
of said first electronic equipm^; and 
said mode controlling means of said first elec- 
tronic equipment controls the transmissk>n rate so 
of said digital signal teased on saki transmis- 
sion rate setting command. 

16. The digital signal transmission system according to 
Claim 1 0. wherein: 55 

said destination transmitting means performs 
date transmission with other electronic equip- 



ment connected to saki transmission line; and 
said destination transmitting means issues said 
inquiry command to said first electronic equip- 
ment based on a comrrsnd in which saki desti- 
nation transmitting means receives from saki 
other electronic equipment 

17. The digital signal transmission system according to 
Claim 16. wheran 

saki other electronic equipm^ is said first 
electronic equipment 

18- A digital signal transmission system in which a pre- 
determined digital signal sent out of a first elec- 
tronic equipment is received by a second electronic 
equq^ment connected thereto through a predeter- 
mined transmissic»i line which is capedale of bkiirec- 
tional communication, wherein: 

saki fist electronk; equipment compriseG a 
serxiing control means for controlling condi- 
tions of said digital signal sent out, and 
a sender transmitting means for communicat- 
ing with a partner connected through saki 
transmission line; 

second electronic equipment comprises 
a receiving control means for controlling condi- 
tions of said digital signal received, and 
a destination transmitting means for communi- 
cating with a partner connected tiirough said 
transmission line; and 

a flag is added to said digital signal sent out of 
said sender transnnttting means at its predeter- 
mined position, whk^h indicates that a transmis- 
sion rate is being adjusted teased on a 
command from said receiving corrtrol means of 
said digital signsA destinatkm. 

19. The digital signal transmiss'ion system according to 
Claim 18, wherein 

said receiving control means performs, t^sed 
on receiving corxfitions of saki second elec- 
tronic equipment, setting of any one of at least 
three kinds of the transmission rales of a stand- 
ard transmissbn rate which is normal, a high 
speed transmission rate which is higher in 
speed than the starxlard transmission rate and 
a low speed transmission rate which is lower in 
speed than the standard transmission rate. 

20. A digital signal transmitting apparatus for tBnsmit- 
ting a predeterirtined digital signal to an electronic 
equipment connected through a predetermined 
transmission line, comprising 

a mode setting means for setting a sending 
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mode of said digital signal, and 
a transmitting means for communicating with 
said electronic equipment connected through 
said transmission line and also sending out 
mode date on modes which can be set by said 
mode setting means. 

21. The digital signal transmitting apparatus according 
to Claim 20. wherein 

a recetving means for receiving any command 
from other electronic eqiopment is further pro- 
vided, and 

said mode setting means sets the mode based 
on a mode specifying command which is 
received by said recetving means. 

22. The digital signal transmitting apparatus according 
to Claim 21 » wherein 

the modes set by said mode setting means 
include a locked mode in which the mode set 
by said mode setting means Is locked. 

23. The digital signal transmitting apparatus according 
to Claim 22, wherein 

the kx:ked mode set by saki mode setting 
means includes plural kinds of reproductbn 
speed modes in which the reproduction speeds 
of said digital signal are different, respectively 

24. The digital signal transmitting apparatus according 
to Claim 22. wherein 

when said mode setting means sets the kxked 
mode, the kx:ked mode Is released only when 
said transmitting means deckles that a release 
command is issued from the predetermined 
electronic equipment connected through sakJ 
predetermined transmissbn line. 

25. A digital signal transmitting apparatus for rec«ving 
a predetermined digital signal transmitted from an 
electronic equipment connected through a prede- 
termined transmission line, comprising 

a control means for producing a command to 
inquire of said electronic equipment connected 
through sakJ transmission tine aboiA data on 
modes in which saki digt^l signal can be sent 
out and 

a transmitting means for sending out the com- 
mand produced by said control means to said 
transmission line. 

26. The digital signal transmitting apparatus according 
to Claim 25, wherein 



saki control means derives plural modes which 
can be sent out from a response to the com- 
mand sent out by said transmitting apparatus 
and also produces a setting command for set- 
5 ting sad electronic equipment to a desired 

mode selected among said plural modes, and 
sakJ transnrutting means serids out said setting 
command to sad transmission line. 

10 27. A digital signal transmitting apparatus for transmit- 
ting a predetermined digital signal to an electronk: 
equrpmait connected through a predetentiined 
transmission line, comprising 

IS a sending rate control means for controlling the 

sending rate of saki digital signal, 
an output means for commurucating with said 
electronk: equipment connected through saki 
transmission line and also outputttng said dig- 

so ital signal under the control of saki sencGng rate 

control means, and 

a flag adding means for adding a flag to saki 
digital signal sent out at its predetermined posi- 
tkxi, whk:h tndk:ates that the sending rate is 
25 tseing controlled. 

28. The digital signal transmitting apparatus according 
to Claim 27, wherein 

30 saki sending rate control means sets, based on 

the command from saki electronic equipment 
connected through sad transmission line, any 
one of at least three kinds of the sending rates 
of a starKiard sending rate which is normal, a 

35 high speed sending rate which is higher in 

speed than the standard sending rate and a 
low speed sending rate whk^h is lower in speed 
than the standard sending rate. 

40 29. A digital signal transmitting apparatus for receiving 
a predetermined digital signal transmitted from an 
electronk; equipment connected through said trans- 
mission line and also extracting flag added to 
received data at its predetermined position, and 



45 



so 



a control means for producing an adjusting 
command to cause saki electronic equipment 
connected through said transmission line to 
adjust a transmission rate of said digital signal 
and transmitting said adjusting command to 
saki electronic equipment through saki trans- 
mission line, if the flag extracted is under a pre- 
determined condition. 



55 30. A recording medium on which a program controlling 
the transmission of a predetermined digital signal 
between at least a first electronic equipment and a 
second electronic equ'pment is recorded, the 
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recorded program comprising steps of 



28 



an inquiry command sending step in which the 
inquiry command for inquiring about modes of 
said digital signal that said first electronic s 
equipment can send out is caused to be sent to 
said first eiectrorac equipment 
a mode data acquiring step in which, based on 
a response to said inquiry command, mode 
data on the modes of said digital signal that io 
said first electronic equipment can send out is 
caused to be acquired, and a mode setting step 
in which, based on said mode data, the mode 
of said digital signal of said first electronic 
equ'^ment is caused to t>e set is 

31. A recording medium on which a program for con- 
trolling the transmission of a predetermined digital 
signal between at least a first electrode equipment 
and a second electronic equipment is recorded, the so 
recorded progrsun contpreing steps of 

a mode date sending step in which, in 
response to an inquiry comrr^rxl. mode data 
on the modes of said digital signal that said first 2S 
electronic equipment can send out is sent, and 
a mode setting step in which, in response to an 
commarKi for causing a desired mode based 
on said mpde data to be set the mode of said 
signal of said first electronic equipment is 30 
caused to be set 
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